Introduction
The presence of DNA has long been known to shift the position of the / equilibrium of [Fe(1,10-phenanthroline) 3 ] 2+ in favour of the  enantiomer on the timescale of minutes to hours. 1,2 There is also a suggestion in the literature that [Co(1,10-phenanthroline) 3 ] 3+ rapidly racemises over a period of minutes, 3 despite the well accepted stability of Co(III) d 6 amine systems, and there is some suggestion that DNA affects this rate. We therefore chose to investigate both these racemisation reactions in the presence and absence of DNA in order to determine what if any role DNA plays in the kinetics. The results of the kinetic experiments with a range of DNA: and DNA: ratios for [Fe(1,10-phenanthroline) 3 ] 2+ are given in Table 1 . All CD traces (not shown) fitted to a single exponential decay, the rate of change in the CD signal that is given in the final column is the constant in the exponent. For the simple case of free solution racemisation, the rate constant for the, e.g.,   reaction is half this constant as shown below. The error range quoted shows the scatter between repeat runs. The rate of racemisation in the DNA-free systems at 20ºC and 25ºC, assuming a simple Arrhenius behaviour, gives an activation energy of~40 kJ mol 1 . Mudasir et al. recently reported a rate constant for the racemisation of the  enantiomer at room temperature (stated to be approximately 25C) to be (0.720.05)10 3 s 1 . 4 Their value was estimated from two runs where points were measured at intervals (rather than the trace monitored continuously as in our experiments). Assuming their data has been correctly analyzed, in order to be consistent with our data, the room temperature in their experiments must have been above 25 (~28C) or their error has been underestimated.
The first observations to be made from our data are that the end point of the kinetics is the same for given concentrations of metal complex and DNA independent of which enantiomer is added initially, however, the value of the end point CD signal varies as a function of the DNA concentration. This variation is due to the DNA shifting the positions of the / equilibrium (the end point is when the equilibrium is established) as previously observed by Härd and Nordén 1,2 and also the perturbation of the CD of the cations on binding to DNA. The final observed CD signal at 545 nm is always positive. As the unbound metal complex will be a 50:50 mix of the two enantiomers at the conclusion of the kinetics, and so have no net CD, this means that the bound metal complexes must always have a net positive CD. Two factors might contribute to this, a
Pfeiffer-effect shift in the equilibrium between the two enantiomers to give an excess of one enantiomer 1,2 and/or a positive CD signal being induced into the transition metal complex transitions due to their interaction with the DNA.
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To try to understand this behaviour at a molecular level it is helpful to consider the binding modes where the  enantiomer binds more strongly than the  enantiomer, so the positive final CD could simply be due to the Pfeiffer effect causing an excess of .
The other observation to be taken from Table 1 is that the racemisation rates of both enantiomers speed up when DNA is present but to differing extents. At high DNA concentrations, where the  enantiomer has a stronger DNA binding constant, 5 the rate of racemisation of this enantiomer is the faster, whereas at lower DNA concentrations, where the  enantiomer binds more strongly to DNA this enantiomer's rate is more enhanced.
The rate enhancements observed in the presence of DNA might be due to the shift of the equilibrium position of the reaction or might be due to the DNA facilitating the reaction and providing a slightly lower energy pathway for racemisation. In order to determine which of these is occurring, let us assume that the latter is not the case, in other words, the DNA-bound molecules do not rearrange (or do so at the free solution rate), and deduce the consequences. We are thus, assuming that the presence of the DNA affects only the concentration of free molecules in solution that can rearrange and plays no direct role in the racemisation reaction acting only to change the end point of the reaction due the differing percentages of the two bound enantiomers.
Racemisation reactions probed using CD spectroscopy measure the rate of change of the CD signal (rather than the actual disappearance of one reactant or appearance of one product). To determine the rate of change of the metal complex concentration in the presence of DNA we need to determine the concentrations of each species present as a function of time and multiply by the appropriate  values and pathlengths (Beer Lambert Analogue). In addition to assuming that the DNA-bound metal complexes cannot racemise, let us also assume that the bound and free forms are in fast equilibrium compared with the rate of racemisation (a reasonable assumption even if the on-rate is diffusion controlled as the off-rate will be at worst in the microsecond domain given the binding constants of references 5,7 ). This is schematically illustrated as in Equation (1)
where x is the free concentration of the enantiomer that begins in excess, X is its bound concentration, k 1 is the rate constant for the conversion of one enantiomer to the other in free solution, K x is the equilibrium binding association constant for species x with DNA, and the y symbols relate to the other enantiomer.
Because the DNA binding is in fast equilibrium, the rate of change of x and y may be written: 
Solving Equation (3) gives The CD signal as a function of time may be written
where  x is the CD extinction coefficient for the unbound enantiomer that is in excess at the beginning of the reaction,  X is the CD extinction coefficient for the x when it is bound to DNA
where S f (t) is the concentration of free sites on DNA, from Equations (4) and (5) we may write
which is the CD signal as a function of time if the enantiomers may only racemise in free solution.
The two sources of time dependence in Equation (7) free metal complexes (as required for Equation (7)), then the rate of decay of the CD signal is 2k 1 for all DNA concentrations. Table 1 summarizes how the rate of decay of the CD signal changes with DNA concentration; we therefore must conclude that both enantiomers also rearrange when bound to the DNA and Equation (7) One can speculate as to how the DNA achieves its catalytic effect. The most likely possibility is that the metal complexes will be moving on and off the DNA and if one enantiomer hits the DNA in one of its less favoured binding positions (e.g. the wrong groove) then during its time on the DNA it is encouraged to bind more strongly by changing its handedness. The natural breathing motions of the DNA would help provide the energy required to break the metal-ligand bond (as required for metal tris chelate racemisation reactions with a few exception such as dithiocarbamate complexes 8, 9 ) and the DNA will encourage the formation and net accumulation of the desired product for that DNA binding mode. The racemisation of the Co(III) complex proceeds slowly in the presence of the Co(II) complex with a half life of the order of hours (depending on reagent concentrations) rather than minutes or seconds. In a series of experiments at widely varying concentrations of the two metal complexes and DNA, we observed that the DNA causes a significant increase in the rate of racemisation of the Co(III) complex in the presence of the Co(II) complex. In other words the DNA enhances the catalytic activity of the Co(II) complex taking it to half lives of a few seconds (at high enough concentrations, see Table 2 ). As with the [Fe(1,10-phenanthroline) 3 ] 3+ , the rate of change of CD as a function of time in an individual run follows a simple exponential decay, however, the dependence of the rate on the concentration of each reagent is not straightforward as illustrated by a data set for the -enantiomer in Table 2 . These observations can be understood when it is realised that the DNA is forming a template to facilitate the electron transfer reaction between two cobalt tris-phenanthroline complexes of different oxidation states. The DNA may also be playing a more active role in the electron transfer. Increased concentrations of the cobalt complexes make such encounters on the DNA more likely. If e.g. Co(III) is in excess, however, it will inhibit Co(II) binding and decrease the effect. Similarly, decreasing the DNA concentration increases the likelihood of an encounter between the reacting species molecules until the same saturation of occurs.
In conclusion, we have shown that DNA catalyses the racemisation reaction of both -and - Thus we have an example of a DNA catalyzed reaction where the DNA does not chemically take part but does provide some energy (~40 kJ mol 1 ) to help the rearrangement and another reaction where DNA is a catalytic template.
Experimental Section
The  and  enantiomers of [Fe(1,10-phenanthroline) 3 ] 2+ were produced from cold (just above 0C) 0.025 M ferroin solution (Aldrich) by adding potassium antimonyl tartrate (also at 0C) in a 2:1 molar ratio. NaClO 4 (Aldrich) was added to the filtrate and the resulting crystals were collected.
The L enantiomer of antimonly tartrate (Aldrich) was used to produce the -enantiomer of 14 The  enantiomer was 90% enantiomerically pure and the  enantiomer 94%.
The racemisation kinetics of [Co(1,10-phenanthroline) 3 ] 3+ was monitored using a Jasco J-720 at 379 nm in a 1 cm cuvette or at 307 nm in a 0.8 mm cuvette with a Biologique SFM-3 stopped-flow system attached between the sample compartment and the photomultiplier tube. In the stopped flow system: the light beam was focused with a single lens; 15 data were collected with a band width of 2 nm, response time of 1 s; and the samples were loaded as follows: syringe 1: Co(III) sample, syringe 2: premixed Co(II) sample and DNA, and syringe 3. 
